To construct an accurate, reliable, and simple scoring system of improving HFMD diagnosis.
The clinical manifestations of HFMD are diverse and nonspecific. Therefore, it is difficult to perform an accurate tentative diagnosis in clinical practice. During the epidemic season, preschool children who have rashes on hands, feet, mouth, or buttocks, and who are with or without fever, are suspected to have HFMD according to the diagnostic criteria of HFMD [1] . Although the main symptoms of HFMD are skin rashes with or without fever, it can be easily confused with other types of pyretic or exanthematous diseases, such as measles, urticaria, rubella, exanthema subitum, varicella, scarlatina, herpangina, and herpes simplex. Laboratory examinations are usually used to confirm suspected HFMD cases, but the detection rates are highly dependent on factors such as quality of specimens and incubation periods [8] . As a result, the diagnosis of HFMD can be misdiagnosed or missed, which delays delivery of optimal treatments.
With advances in the development and application of mathematical methods, quantitative methods, and statistical methods in medicine, analysis methods such as diagnostic scale, discrimination model, regression analysis, and system evaluation are being integrated into epidemiological and clinical research. Scoring systems have been applied to evaluate the risk of mortality in intensive care units (ICU) and are integrated into the intensive care process. Scoring systems allow between-and within-individual comparisons over time and also provide useful information for comparing the severity of illness in patients who were enrolled into clinical trials [9] .
Two mortality risk scoring systems -Pediatric Risk of Mortality (PRISM) and the Pediatric Index of Mortality (PIM) scoresare widely applied in pediatrics [10, 11] . A number of studies, mainly in developed countries, as well as in a few resource-restricted settings, have validated PIM and its updated version, PIM2 scores [12, 13] . Previous studies in China have established scoring systems based on the internationally applied scoring systems (PIM or PCIS) and the clinical manifestation of HFM, to assess the severity of HFMD [14, 15] . To improve HFMD disease management by detecting disease at early stages, our study developed a simple scoring system to quickly and accurately diagnose HFMD, especially where laboratory-confirmed tests are not available.
Material and Methods

Ethics statement
The present study was approved by the Ethics Committee of the First Affiliated Hospital of Shantou University Medical College. The methods carried out were accordance with the approved guidelines as well as the guidelines for the protection of human subjects. Due to the retrospective nature of the study, informed consent was not required.
Training dataset
Data on subjects were retrospectively collected from medical records of all the clinically diagnosed HFMD pediatric inpatients, aged at 14 years old or younger, who visited the pediatric department of the First Affiliated Hospital of Shantou University Medical College between January 2012 and December 2014. The diagnostic criteria of HFMD were based on the HFMD diagnosis and treatment guideline (2010 edition) of the Ministry of Health, China [1] : (1) HFMD emerge mainly in summer and autumn in preschool children, especially in infants; (2) Patients have fever accompanied with rash on hands, feet, mouth, or buttocks. Some patients may have no fever; (3) In a minority of severe patients who have atypical rash and are difficult to diagnose, clinical diagnosis primarily depends on etiologic or serologic test results; and (4) It is not recommended to diagnose HFMD for patients without rash.
HFMD cases were categorized into 3 groups (mild, severe, and critical) [1] . Patients with any neurological complications (e.g., aseptic meningitis, encephalitis, encephalomyelitis, and acute flaccid paralysis or autonomic nervous system dysregulation) were categorized as severe cases. Patients with any 1 of the following 3 groups of clinical manifestations were categorized as critical cases: (1) frequent cramp, coma, and cerebral hernia; (2) cardiopulmonary complications (e.g., dyspnea, cyanosis, frothy sputum, cardiopulmonary edema, and pulmonary rale; and (3) shock or other dysfunctions in the circulatory system. Probable or confirmed HFMD patients that were neither critical nor severe were categorized as mild cases.
All data were collected from medical records of the patients' first physical examination and blood test on the first day of hospital admission, including: (1) sex and age; (2) clinical symptoms such as skin rashes, fever, nervous system, respiratory system, digestive system, and cardiopulmonary complications; and (3) biomarkers such as HBDH, LDH, LDH1, AST, ALT, GGT, ALP, CHE, MAO, AFU, TP, ALB,GLB, Tbil, Dbil, Ibil, A/G, K + , Na + , Cl -, Ca
2+
, CO 2 CP, BUN, Cr, CRP, WBC, CK, CK-MB, and GLU. The diagnosis of clinical symptoms was based on the clinical diagnosis of their first physical examination. The measurements of biomarkers were based on the blood samples of their first laboratory test since admission. In addition, patients were considered to have skin rashes if they had maculopapular or vesicular rash on locations such as hands, feet, mouth, buttocks, elbows, trunk, or face. Patients were considered to have a nervous system disorder if they had altered mental status, somnolence, skittishness, headache, vomiting, delirium or coma, extremity tremor, myoclonus, nystagmus, ataxia, oculomotor disorder, atony or acute flaccid paralysis, convulsions, startle, seizures, or neck resistance.
Development of the scoring system
A simple scoring system for HFMD diagnosis was developed in the following steps: (1) We selected relevant markers including basic markers (age and sex), markers listed in HFMD clinical guidelines of China, and biochemical markers that were significantly different among severity groups in the training dataset; (2) We estimated the score of each marker by using positive constituent ratio to construct the simple scoring system; and (3) We determined the optimal cut-off of the simple scoring system in the validation dataset.
Markers selection through data analysis of training dataset
All biochemical markers in the training dataset were common biochemical markers used in clinical practice.
Analysis of variance (ANOVA) was used to analyze the association between HFMD and biochemical markers. When a biochemical marker was found to be statistically different among the 3 groups, multiple comparisons were used for pairwise comparison of the mean difference. Bonferroni corrections were applied to adjust for multiple comparisons. In the cases of homogenous variance, Fisher's least significant difference (LSD) and Student-Newman-Keuls (SNK) tests were used for pairwise multiple comparison; in the cases of heterogeneous variance, Dunnett analysis (T3) was used for pairwise multiple comparison. For mean square analysis of all groups, all 2-sided P<0.01 were considered statistically significant; for pairwise multiple comparison, all 2-side P<0.05 were considered statistically significant. Markers that were significantly different in 2 of the 3 groups were selected as markers of the simple scoring system.
Assign score to markers
The score of each marker was estimated using positive constituent ratio. The age and sex of the 1404 cases were detailed and accurately recorded; hence, their scores were established based on 1404 cases of the sample. The other 18 selected markers were completely recorded in 985 cases; therefore, their scores were established based on 985 cases of the sample.
Age and sex were categorical markers. Of the 1404 cases of this study, 915 (65.17%) were male and 489 (34.83%) were female, which means if the patient was male, his sex score would be 0.6517; if the patient was female, the sex score would be 0.3483. Similarly, the score of age group 0-3 years old, 4-6 years old, and 7-14 years old were 0.7479, 0.2321, and 0.020, respectively.
The score of 6 clinical manifestations (fever, skin rashes, nervous system disorder, respiratory system disorder, digestive system disorder, and cardiopulmonary complications) were separately obtained by calculating the proportion of cases with positive test results. For example, if 882 of the 985 cases had fever, then the percentage of fever was (882/985)×100%=89.54%; which means the score of fever in those pediatric patients who had fever was 0.8954, and the score of fever for pediatric patient who did not have fever was 0. The calculation of score for the remaining second type of markers followed the same rules.
The scores of the 12 laboratory parameters were obtained by calculating the proportion of abnormal cases in the whole sample. For example, if among the 985 cases, 356 CRP values were abnormal, then the proportion of abnormal CRP was (356/985) ×100%=36.14%, which means the score of CRP for pediatric patient who had abnormal CRP value was 0.3614, and the score of CRP for pediatric patient who had normal CRP value was 0. The calculation of score for the remaining third type of markers followed the same principle.
The formula of the scoring system was S=X 1 +X 2 +X 3 + … +X 20 , where X 1 , X 2 , X 3 , … +X 20 were the score of each marker, and S was the HFMD diagnosis score.
Validation dataset
Confirmed HFMD cases by IgM antibody assays whose age were 14 years old or younger were retrospectively and randomly sampled from the inpatients in the Pediatric Department of the First Affiliated Hospital of Shantou University Medical College in 2015. To assess the performance of our scoring system in distinguishing HFMD cases from other diseases such as measles, urticaria, rubella, exanthema subitum that share similar symptoms as HFMD, non-cases in the validation dataset were chosen among patients of other diseases (e.g., measles and rubella) that showed symptoms of skin rashes and with or without fever. All non-cases were age 14 years or younger, with fever or skin rashes, and were confirmed to be other diseases without HFMD.
A total of 200 participants, including 80 confirmed HFMD cases and 120 non-cases, were enrolled into the validation dataset. Among 80 cases, the serotypes were EV-A71 (32 cases), CV-A16 (22 cases) and cross-contamination of both viruses (26 cases). The types of non-cases were measles (9 cases), rubella (12 cases), exanthema subitum (8 cases), and other similar diseases (91 cases).
EVs detection
Blood samples were clinically collected from serum when patients visited the clinic or at admission. EV71-IgM and CV-A16-IgM antibody in serum and cerebrospinal fluid specimens were detected using immune colloidal gold technique, according to the manufacturer's instructions. EV71-IgM and CV-A16-IgM antibody detection kits (Wantai Biological Pharmacy Enterprise Co., Ltd., Beijing, China) were used for the detection.
Discrimination analysis
The diagnostic accuracy of the simple scoring system was assessed in 3 steps: (1) We calculated the score of all subjects in the validation dataset; (2) We calculated the sensitivity, specificity, Youden Index (YI) and AUC; and (3) We determined the optimal cut-off score that corresponded to the largest YI. The outcomes (case, non-case) were masked, and then the score of all subjects in the validation dataset was calculated using the simple scoring system. The sensitivity and 1-specificity of all cut-off values of ROC curve were exported to a spreadsheet to obtain the optimal cut-off score that corresponded to the largest YI (Supplementary Table 1 ). The scoring system was performed with complete data and missing data at different levels of severity to assess the robustness of its sensitivity.
The flowchart is shown in Figure 1 .
Examples of how the scoring system calculates the scores of patients are shown in Figure 2 . All statistical analyses were performed using IBM SPSS version 21 (SPSS, Inc., Chicago, IL, USA).
Results
Subject characteristics of training dataset
A total of 1404 cases (1104 mild, 252 severe, and 48 critical) were recruited into the training dataset ( Examples of using the simple scoring system to diagnose HFMD cases. CRP -C-reactive protein; WBC -white blood cell; CK -creatinine kinase; CK-MB -creatinine kinase isoenzyme; GGT -gamma-glutamyl transpeptidase; ALB -albumin; GLBglobulin; A/G -albumin/globulin ratio; Na + -natrium ion; Cl --chloride ion; Ca 2+ -calcium ion; GLU -glucose; HFMD -hand, foot and mouth disease; X 1 , X 2 , …, X 20 -the score of the 20 markers; S -score of hand, foot, and mouth disease. years old. Subjects who were 3 years old or younger had the highest incidence, which were 1050 cases (74.8%); subjects who were 4-6 years old had the second highest incidence, which were 326 cases (23.2%); and subjects who were 7-14 years old were the least, which were 28 cases (2.0%). There were 799 cases (56.9%) from rural areas and 605 cases (43.1%) from urban areas. In total, 152 cases (10.8%) had a history of HFMD.
Subject characteristics of validation dataset
A total of 200 subjects (80 subjects with HFMD, 120 subjects without HFMD) were randomly selected into the validation dataset (Table 1) . Among HFMD cases, the frequency of males and females were 45 (56.3%) and 35 (43.7%), respectively; their mean age was 1.56 years old, ranging from 0 to 14 years old, in which 58 (72.5%) were under 3 years old; 71 subjects (88.8%) were mild cases and 9 subjects (11.2%) were severe cases. Among subjects without HFMD, the frequency of males and females were 72 cases (60.0%) and 48 cases (40.0%), respectively; their mean age was 1.48 years old, ranging from 0 to 14 years old.
Markers selection
Summary statistics of biochemical markers that were significantly different among the mild, severe, and critical cases in the training dataset are shown in Table 2 . White Blood Cell (WBC), Creatinine Kinase (CK), Creatinine Kinase Isoenzyme (CK-MB), Glucose (GLU), C-Reactive Protein (CRP), GammaGlutamyl Transpeptidase (GGT), Albumin (ALB), Globulin (GLB), Albumin/Globulin ratio (A/G), Natrium Ion (Na ) were significantly different among the groups (mild, severe, and critical) with P<0.01. Those biochemical markers were included as markers of the simple scoring system. A total of 20 markers were included in the simple scoring system, including basic markers (age and sex), markers selected from the HFMD diagnosis and treatment guidelines of China and markers that were found to be significantly different among the groups in the training dataset.
The assigned scores of 20 markers are shown in Table 3 The score of all cases without missing data (985 cases) ranged from 1.65 to 6.07 of 419 cases that had missing data; 364 cases were mild, 37 cases were severe, and 18 cases were critical. Figure 3 reveals the AUC of the proposed HFMD diagnosis scoring system. The results showed that the simple scoring system had high diagnostic accuracy for HFMD [20] (sensitivity=0.95, specificity=0.90, AUC=0.918, 95% CI= 0.874-0.963, P<0.01). The optimal cut-off point of the simple scoring system that corresponded to the largest YI was 3.9684. The largest YI (sensitivity + specificity -1) was 0.850. There were 4 (5%) false-negative cases, which were all mild cases. There were 12 (10%) falsepositive cases, which were severe pneumonia, Kawasaki disease, urticaria, and herpangina. At prevalence=40% (80 HFMD cases out of 200 subjects), the positive and negative predictive values of the scoring system were 86.4% and 96.4%, respectively. Therefore, at prevalence=40%, the probability of being cases among subjects who tested positive was 86.4%, and the probability being non-cases among subjects who tested negative was 96.4%.
Discrimination analysis of ROC curve
Sensitivity analysis
Using the scoring system in cases with completed data, 3 (10.0%) of the 29 critical cases, 23 (11.0%) of the 213 severe cases, and 222 (30.0%) of the 743 mild cases were detected as non-cases. Using the scoring system in cases with missing data, 134 (36.8%) of the 364 mild cases, 11 (29.7%) of the 37 severe cases, and 9 (50%) of the critical cases were detected as non-cases (Table 4) .
Discussion
HFMD is a major public health concern in China, seriously threatening the health of children. Despite the long history of HFMD, China still lacks effective prevention and treatment measures. Therefore, in this study, a simple scoring system was developed to diagnose HFMD quickly, accurately, and reliably at the early stage to prevent disease progression by implementing timely disease management, especially in the medical centers ALT -alanine transaminase; GGT -gamma-glutamyl transpeptidase; ALP -alkaline phosphate; CHE -cholinesterase; MAO -monoamine oxidase; AFU -a-L-fucosidase; TP -total protein; ALB -albumin; GLB -globulin; Tbil -total bilirubin; Dbil -direct bilirubin; Ibil -indirect bilirubin; A/G -albumin/globulin ratio; K + -potassium ion; Na + -natrium; Cl --chloride ion; Ca 2+ -calcium ion; CO 2 CP -carbon dioxide containing power; BUN -blood urea nitrogen; Cr -creatinine. Table 4 . Sensitivity and false negative of the simple scoring system in HFMD cases with complete and missing data by severity levels.
Our validation results showed that the simple scoring system had high diagnostic accuracy for HFMD (sensitivity=0.95, specificity=0.90, AUC=0.918, the positive predictive value=86.4%, the negative predictive value=96.4%). A previous report presented a mortality risk score model comprising 4 laboratory parameters with good discrimination (AUC >0.9) [16] ; however, the model can only discriminate children with high mortality risk from the severe HFMD cases. Another study developed a prediction system for identification of the severe HFMD based on 14 variables with an AUC of 0.916 [17] , but this system can only discriminate the severe HFMD cases from the mild HFMD cases. Compared to these studies previous [16, 17] , our study had a different purpose -to discriminate HFMD cases from non-HFMD cases. In addition, the present study exhibited superior performance in sensitivity, specificity, and AUC. One possibility is that our system covers more parameters than other studies, including clinical features, laboratory indicators, and demographic variables.
Our scoring system included a total of 12 biochemical markers: CRP, WBC, CK, CK-MB, GLU, GGT, ALB, GLB, A/G, Na 
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The significant differences in severity among different cases suggest that these markers could play a role in the disease progression of HFMD. Addressed by multiple studies, some of the biochemical markers change with the severity of HFMD [18] [19] [20] , and the results can be inconsistent. Previous studies [21, 22] reported that GLU or WBC is the marker for HFMD disease progression, rather than the risk factors for HFMD complications. Moreover, the CRP and CK-MB levels are correlated with HFMD severity [23] . Furthermore, Cl -is an independent risk factor, along with suitable combinations of other risk factors, and can be useful for the detection of severe cases [24] . A recent study [17] found that GLU, platelet, percentage of lymphocytes, LDH, ALP, CK, CK-MB, Cr, uric acid, Cl -, and ALT are important independent risk factors for severe HFMD. In addition to the factors mentioned in previous studies, our study indicated that other factors can also be used to predict HFMD, such as GGT ALB, GLB, A/G, Na + , and Ca
2+
.
The criterion gold standard diagnosis for HFMD is the serological test. However, this diagnosis requires special equipment, and is time-consuming and difficult to perform in general medical centers or for every patient. In these settings, our study provides a simple and alternative method for HFMD diagnosis. All the markers in our scoring system can be collected within 1 h after hospital admission. In addition, we can get the marker scores as long as the parameter results are within the normal range; if they are outside the normal range, one does not need to know the specific value of the laboratory parameters. This is one of the important differences in our simple scoring system compared to other scoring systems [25, 26] .
The application of our scoring system can be extended. Although this system was built based on inpatient data, it can also be applied to outpatients. Because the markers included in this system are common and easy to obtain, most outpatients also need to undergo these physical examinations and laboratory texts. Therefore, the scoring system for the outpatients could be developed by refining the assigned score. Since we have established a relatively simple diagnostic system, and because external data validation has proved its high performance for HFMD diagnosis, our diagnostic method can also be applied to other disease diagnostic systems.
In this study, the limitations include: first, this was a singlecenter study, which could be population-specific. Second, the sensitivity and false-negative results were poor in some HFMD cases with missing data by severity levels. These findings indicate that our scoring system may not be suitable when only some of the 20 parameters are available. Fortunately, these 20 parameters are available in most medical institutions in China. Third, although the results of the comparison of diagnostic values across different levels of severity indicated that the sensitivities of the critical and severe cases were greater than that of the mild cases, it cannot distinguish the severity of HFMD. Due to these limitations, this scoring system should be further improved by refining the parameters in prospective and multi-center clinical samples.
Conclusions
In summary, we developed an alternative simple scoring system for HFMD diagnosis with high accuracy and reliability. This simple scoring system is recommended for use in similar clinical settings for early HFMD diagnosis or can be further updated or developed for use in different clinical settings by using the framework and step-by-step guidance provided in this study. Minimum cut-off score was the result of smallest observed test score subtracting 1; Maximum cut-off score was the result of largest observed test score adding 1. All other cut-off values were the average of 2 adjacent test scores.
